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ABSTRACT 


The  potential  of  nitroguanidine  (LAIR  Code  Number 
TP036A)  to  induce  Sister  Chromatid  Exchanges  (SCEs)  was 
assessed  using  Chinese  Hamster  Ovary  (CHO)  ceils  both  with 
and  without  exogenous  m.etabolic  activation  provided  by  rat 
liver  S-9.  Cells  were  exposed  to  test  compound 
concentrations  ranging  from  4  mg/ml  to  0.01  mg/ml  in  cultures 
without  exogenous  metabolic  activation  and  3.9  mg/ml  to  0.01 
mg/ml  in  cultures  with  e.xogenous  metabolic  activation. 
Nitroguanidine  did  not  induce  a  statistically  significant 
increase  in  SCEs  in  either  the  presence  or  absence  of 
exogenous  metabolic  activation.  These  results  indicate  that 
nitroguanidine  was  not  an  inducer  of  SCEs  under  the 
conditions  of  this  study. 
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Sister  Chromatid  Exchange  Assay  of  Nit roguanidine  in 
Chinese  Hamster  Ovary  Cell3--Harbel  1.  et  ai. 
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INTRODUCTION 

"'~^^Jitroquaniaine,'~^a  primary  component  ot  UG  Army  triple- 
base  prcpellant;;V  -'5  now  "produced  in  a  Go\'crnm;€-nt-owned 
contractor-operated  arrinunition  plan’..  _  The  US  Army  Biomedical 
Researcn  and  Development  Laboratory  ,  as  part  of  its 

mission  to  'evaluate'itRe  environmervcal  and  health  hazards  of 
m.i  1  itary-uniqu^  propellants^jgenerated  by  US  Army  munitions 
manufacturing  facilities,  j?t-nducted  a  review  of  the 
nitroguanidine  data^laase^-dfnd  identified  sigrifican',  gaps  in 
the  tonicity  d a r. a  S^be  D i v  i  s i  c'; n  of  T i c o  I  c: q y ,  L.ATR,  was 

tasked '&^^^SSABRB-fcr  to '%evel op« 4a  genetic  and  mammalian  toxicity- 
profile  for  nitroguanidine,  related  interir,edlates/by-products 
of  its  m.anufacture,  and  its  environm.ental  degradation 
products.  This  study  evaluatoc.l  the  gone*  o;-:  i  c  ;  i  u  1  of 

riitr  ogijanidine  by  using  the  Sister  Ctroir.atid  :s-:>.-hange  (SCE) 
Assay^ 

r.ii,;/)-  C 

Exchanges  bet’ween  sister  chromatids  are  detected  by 
growing  cells  in  the  presence  of  bromodeoxyuridine  (BrdU) ^ 

'Because  DNA^repTfeat ion  is  semiconservat ive,  cells  grownliith 
BrdU  would  contain  chromosomes  with  substituted  chromatids 
aftc. orie  round  of  replication.  The  presence  of  BrdU  allows 
for  drrferential  staining  of  chromatids  with  the 
f luorescence-plus-Giemsa  (FPG)  tech.ique.  If  DNA  damage 
occurred,  then  the  damage  corrected  by  post-replicative  DNA 
repair  processes  -would  involve  recombi nat i onal  events 
(exchanges)  between  sister  chromatids.  The  recembinat ional 
pvent.s  are  detected  as  a  varied  pattern  of  daik  and  liqht 
staining  in  the  chromatid  sogmi'nts.  The  rT-eo.uonc i es  of  these 
SCEs  are  analyzed  since  a  direct  correlation  between  the 
number  of  SCEs  and  the  amount  of  DNA  damage  is  assumed. 

Many  compounds  can  be  converted  into  mutagenic  agents  by 
enzymes  associated  with  normal  metabolism.  To  detect  these 
promutagens,  the  SCE  assay  is  performed  both  with  and  without 
metabolic  activation. 


c'L  '  I'l  Lhis  St  i.dy  was  to  Uotermi  no  t.u.' 

al  o ;  :  i  ajuap.idine  (■rt'’(;36A)  to  indue.,-  r  ’  stf-r 

i'i  'xeh.jane  '  t'y  unin  i  'liO  e.-'lls  b..>La  with  and  win 
1  :-a-t  it  ''  !  a  atd.  ivation. 


MATERIALS  AND  METHODS 


.  i  :."  wan  I'vaiuiti'd  Lor  its  potent  la  !  a-  ire 

:  ...a  ;o  1,A!F  PtiP,  .jP-STX-dd  (?).  All  le/venii 
;•  ‘‘Hi  in  I  lie  ‘ol  lowing  te-xt  are  fina, 

a  lap:'.  esr.  spcc  i  f  : ,  a  1 1  y  indicated  ot  Iter  wi  s'- . 


.1  Ni  1 1  o  iu an  i  d ine 


Ad-;  '  nia  Ni.ci'i  !  :  TP0  36A 


.  :■  ini  •  Pi  A!  ;.t  i  a-'t  r,  Soiviee  h'e,]istr:y  No.:  tif/G-SH-V 


::  a  I  ;■  na  n.a  I  a  : 


HjN 

HoN 


C=N-N02 


tip  ;  1  !  •<' i  ;o::tiui.i: 

oraae:  Nit!  .ananidiiK'  was  obtained  from  Herculot'. 

■ec  ’’i^vi.'i  a,  tear, !' 1  owt  >  f  Ai  my  Ammunition  Plar.t,  Pe'A't; 
(la‘  :i  A. -WA-iK  .1  It  ;  At)P  1  '  arrd  wa.s  as.sirjned  t  tie  l.AI:<  CA 

■  -A.  "h-'  t  eo”;p'unvi  wa.s  tU  nror^  at.  room 

:;i  i  iii:.'-..-!  ..  n  the  t'lesidio  of  .Aan  Ft  anc:i . a  co . 

•  '  'i  ;  .  i  w-  r'O  .stoia-'ci  at  i  aoiii 

A  ,  Cl  !  na  !ai'  lai  ay  jarU  tietoro  uea'. 


;  :  i  t  a  -  A:i a  i  yt.  ;  a  :  !  Mt.a  c! :a  raset  <  ■  t  ;  i  : i  - 1  t  h. 

i:..;  pui  ity  ol  r  1k'  test  la.P.ot  ial  wec' 
■i\i-  lot,  lit  To;--.  1  :■  1 1  O' ly ,  liAIK,  !  te.'-.idio  o  t'  ; 
1  ■  ■  I .  d  i  ; ; )  . 


•.".  *c"  *-r.  V" 


;i,i  I  be  1 1  <:t  ,1  i  -  -  3 


K 

t 
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Nitroguanidine  was  di.ssoivi'd  dirc.^ctly  in  the  cell 
culture  medium  (GEM  1717),  withcut  fetal  bovine  serum  (FBS) , 
at  a  concentration  of  4 .  “I  mg/rr.l  and  was  filter-sterilized. 
This  concentration  is  close  to  saturation  for  nitroguanidine 
in  an  aqueous  medium  (1).  All  test  article  dosing  solutions 
were  prepared  from,  this  stock  solution.  For  the  nonactivated 
cultures,  FBS  was  added  to  the  culture  medium  to  achieve  a 
final  concentration  of  10%.  Dia.utions  were  prepared  using 
GEM  1717  with  10%  FBS.  For  cultures  with  metabolic 
activation,  two  batches  of  cofactor  mixture  (see  below)  were 
pre;)a:ed.  One  contained  nitroguanidine  while  the  otner  did 
not,  ..,nd  nitroguanidine  dilutions  were  propa’-e.i  by  mixing  the 
two  .'.no  xutions . 


The  positive  control  for  cultures  without  metabolic 
activation  -was  ethyl  met'nanesul  rotate  ^EMS)  diluted  in 
sterile  distilled  water  and  aaded  to  the  culture  to  achieve  a 
final  conce.ntrat ion  of  0.320  mg/ml.  The  positive  control  for 
activated  cultures  was  cyciopliosphamide  which  was  also 
dissolved  in  sterile  distilled  water  and  added  to  the  culture 
to  achieve  a  final  concentration  of  1.33  |ig/ml. 


Cell£ 


Chintsv  Hamster  Ovary  (CHOi  Cells  were  obtained  from 
Dr.  Siieldon  Wolff,  University  o:'  California,  San  Francisco. 

Thi'  CHO  cells  were  grown  in  an  aom.osphere  of  5%  C02  at  37±1°C 
in  GEM  1717  with  10%  FBS.  The  cell  cycle;  time  was  10-12 
hours  Twenty- four  hours  before  treat.ment,  G  x  10-  cells  were 
seeded  into  each  7h  cm^  flask,  whic.h  contained  15  md.  of  fresh 
medium,  to  ensure  that  the  cells  were  in  the  logarithmic  phase 
of  growth  when  the  test  compound  was  added.  Cells  were  tested 
and  shown  to  be  negative  for  mycoplasma  (3) . 

Medium 


HEPES  buffered  (10  mM)  G;!''  17  17,  wh,  ich  wzjS  used 
throughout,  was  prepared  from  bPMI  1640  (Gibco®  Laboratories, 
Grand  Island,  NY)  according  to  OP-STX-72  (2) .  Except  when 
the  medium  was  used  to  prepare  the  activatio.':  refactor 


mixture  (see  below),  it  contained  10%  (v/v) 

contact  with  the  cells. 


FBS  when  in 


LvS,> 


r  -il--': 


Tbo-'.c'  acLivfiLion  system  was  composed  of  Aroclor- 
.  ;  vor  9000  x  g  supernatant  fraction  (S-9'  (Litton 
U!si noton,  MD)  and  an  NADPH-regenoratinq  system 
ho  'olac'or  mixture.  The  cofactor  m.iy.ture 
N’AL?  (2  mq/mi)  and  a  reduced  carbon  sourer- 
.rr.:,to,  4.0  mn/ml).  The  cofactors  were  disstlvf-g 

w’*hnut  serum,  and  filter-sterilized.  This 
ther.  supplemented  to  make  the  complete  metabolic 
•'..t-.-m  which  coritainod  2%  FB3  and  10%  S-9.  The 
;itation  system  was  prepared  immediat-oly  before 


pr  o 

cedt 

y~ 

e 

used  was 

by 

Per 

t 

y 

and 

Evans 

■truri 

J 

a 

r-  wo 

1  1  as 

wo  r 

'  ‘.'V 

Ki 

b,. 

at:  <td. 

bot  h 

'1  11 

ct 

cirifia 

rd  ex 

's’  i 

.  .K  U 

' 

‘■■t,ib 

)  1  Ik' 

1.'  le 

M 

171"' 

w  i  t  h 

.1  b 

UM 

B 

vn 

d . 

A  f  tei' 

-ii:! 

f  .1 

I  1 

d 

Lirdl- 

,  t  ['.e 

our  s  . 

Fia 

ri  :■  r 

•:  r  ^=*3 

s 

The 

n  C'..-)i 

'i'  r 

■- 

cul  t 

ures 

posure  periods  (2).  In  tests 
act,  '  vat  ion,  the  test  compound  cat 
iOs  FBS  (15  ml  per  flask) 


were  cirown. 


in  th‘;'  dark  a*' 
in  foil  to  assure 


ihe  cultures  were  incubated  for  an  additional 
'.or ore  ‘the  cells  were  harvested. 

ests  performed  with  metabolic  activation,  the 
".rdium  was  removed,  and  15  ml  of  activation  mixture, 
Ir:..-'  it  ti."  test  artlcl-,-  or  positive  control,  was 
'i'-  cell  cultures  were  exposed  to  the  test  compound 
:  .r:"'r  m.ixt.ure  for  2  hours.  This  shorter  exposure 

■'  :  :  e  e;-.:,.  ;.f  tv.e  activation  mixture  was  used  to 
'  -cu  :-?.0'nc' •  of  cytcv-o-iic  effects  induced  by  the 
.  :  ’.re.  Alter  ttie  .l-hcur  exposure  period,  the 

tc;:’ i'th  ‘he  tost  compound  and  the  metabolic 
,  wic  asf'i  rated,  the  cells  were  washed  thi'ee 

,  t/l  i  -.7,  ar.d  fresh,  complete  GEM  1717  contair.ing 
.  1  yi  i.rdU  wa.s  added.  The  cultures  wore  incur.ated 

;  :  .  :  .  hours.  Colchicine  was  then  added  at  a 

-  7  ;  .'li  of  0.4  lig/m,  as  described  above  ano  the 


H 


Harbell  oL  aL--‘) 


cultures  were  incubated  tor  an  additional  i' .  d  hours  be- fore 
the  ceils  were  harvested. 

Harvest : 

After  2.5  hr  in  colchicii'.e,  all  of  the  cells  in  each 
culture  were  harvested.  At  harvest,  the  medium,  which 
contained  dividing  cells,  was  rem.oved  from  the  culture  flasks 
and  saved.  Each  flask  was  rinsed  once  with  10  ml  of  Ca'*"^ 

Free  Hank's  Balanced  Salt  Solution  (BBSS),  and  this  wash 
v/as  combined  with  the  culture  medium  in  a  50-mi  cube.  Ten  ml 
of  Mg'*"*"  Free  HBSS  (with  0.02%  l^DTA)  were  added  to  the 

rinsed  flasks,  which  were  then  shaken  ^or  approximately  30 
min,  until  almost  ail  the  remaining  cells  were  detached. 

While  the  flasks  were  shaking,  the  contents  of  each  50-ml 
tube  were  spun  down  (1000  rem  for  5  min),  and  all  but  3  ml  of 
the  supernatant  above  each  cell  pellet  was  discarded.  Each 
cell  pellet  was  resuspended  in  its  3  ml  of  supernatant,  and 
these  cell  suspensions  were  t ransfer rei  to  preiabelled  15-m.l 
centrifuge  tubes.  Each  tube  was  labelled  with  the  protocol 
number,  date  of  the  experiment,  and  the  culture  (dose) 
number.  The  cell  suspension  from  each  flask  was  added  to  the 
appropriate  tube  (thus  combining  all  the  cells  from  a  given 
flask),  and  the  cells  were  centrifuged  (1000  rpm  for  5  min). 
Most  of  the  supernatant  was  aspirated,  and  each  cell  pellet 
was  gently  resuspended  in  tlie  rem.aining  supernatant 
(approximately  0.2  to  0.3  ml/tube).  Ten  ml  of  hypotonic  KCl 
(0.075  L4)  were  added  slowly  (cvei  about  2  m.in)  to  each  tube, 
and  the  tubes  were  held  at  room  tem.perature  for  approximately 
2  min.  The  tubes  were  again  centrifuged  (1000  rpm  for  5 
min),  the  supernatant  aspirated,  and  the  cell  pellet  gently 
resuspended  in  the  approximately  0.3  ml  of  remaining 
supernatant.  Freshly  prepared  Carnoy's  fixative 
(methanol :  acetic  acid  3:1)  was  rh-=-n  added  slowly  to  each 
tube.  The  first  2  ml  of  fixative  were  added  while  gently 
mixing  the  resuspended  cells.  After  a  total  of  8  ml  had  been 
added,  the  cells  were  allowed  to  fix  for  at  least  10  min. 

The  cells  were  again  centrifuged  into  a  pellet  and  the 
fixation  procedure  was  repeateti.  The  cells  were  allowed  to 
fix  overnight.  In  the  mornina,  the  cells  were  centrifuged 
and  the  fixation  procedure  wan  repeated.  F'Cfore  preparing 
the  slides,  the  cells  were  centrifuged,  all  but  about  0.5  ml 
(depending  on  the  cell  pellet  size)  of  supernatant  was 
removed,  and  the  pellet  was  resuspended.  Prelabelled  clean 
slides  were  wetted  in  cold  distilled  water.  Up  to  4  drops  of 
ceil  suspension  were  dropped  onto  each  slide. 
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wiTi'  St  ained  by  a  rrodifieei  fPG  t.echn icj'.ie  (tj)  . 
,  e\''  t  *1  e:  .';'s  ot  Hoechst,  'b':'2''8  (SO  [ig/mi  in  watte-r)  were 
n  ('.teb  elide,  and  eoverslip  was  applied.  After 
'e.-.;.'de;  :  a  l!ie  dir'k  fe-  IS  ntin,  tb.e  coverslips  were  removed 
e.iva  eIid<.'S  '«■■■;  o"  w:;ived  several  times  in  tap  water  and 

a  1  evwi  d  to  dry.  t.everal  tb  opr  of  Mcllv'aine's  bur  ter  (pd  8/ 
worn  p .  aC',‘A  on  I  onh  slide,  and  a  new  covers  I  i.p  was  app-lind. 

■  :  i  K's  w*o'n  placed  on  the  .S0±2°C  war'ming  table  under  a 
'i\'  dr-'o.  ri.c  eiid,_><;  were  e.xpo.sed  to  the  'Pv  light  1 1'  i  nduci' 

:  t,  >!  .  .cMV,(0(>  .1  I.  hf'  rrJA  s'  rands  (5)  ,  The-  co  vc  •  r  1  Lps  wrut' 

;  e.  '-.'ed,  ..n'd  tis'  slid'':,  weti-  rinsed  r-everai  times  in  t.  .i[r 

water  and  di  i  'd .  Tlusy  were  .stained  in  dilute  Giemsa  stain 
(a:  !  's  (,d('i!i:',a  [iM  '1.0)  ,  t  in.'i'd,  and  air  dried;  then  a 
-  ■'  '  I  1  i  p  Was  li  >1  d  i  ( '(i  . 


■  i;io  ; 


!'()■  ea-'h  do'-o  group,  t.riplicate  slides  were  prepared  cind 
c'baii.  :’hi'  rntaiiKM  of  fir'st-,  ^econd-,  and  third-division 
:t;oi  a.pfiases  wmo  rn'orr'd  (where  possible,  100  motaph.ases  were 
so  t  od)  .  Nca  .-n.-i  1  1  y,  .'(t  second -d i vi s i on  met aph.ases,  containing 
c.h  r  r-foosor . 's ,  were  .scoff  tj  for  SCEs  in  each  preparation.  t  u. 
.sort'  case:;,  td;erc-'  weie  le.ss,  than  40  second-division 
a  ■*  o.ch.-i  ne.s  to  :-co:e  or-  t  die  number  of  SCKs  per  cell  was 

fb  ;,.nt  !y  '.’(i!i  r.o  t'tiat  fewer  cells  needed  to  be  counted  to 
:  .t  at.  i  St  '  ca  1  rd  tin  i  1  i  cane- ■ .  In  the  fir.st  case,  ali 
.c.-.  \  1  !  af^  1  •  -icti,  ises  (with  ?()  cnromosoine.s )  w-'-'ie  scoreo  '>0.  <{11 


I’.V/.'  i''  '*..!  C..1  .io^’- 

All  data  were  collected  from  codf'd  slides.  The  dat.-i 
, i  !  •  ci  < 'd  in  !fd<-d  sli.le  numb-'r  (coded),  qualil.y  at  1  fi- ■  :;1  idt 
(.1.-  r.'-i-  i('d)  ,  .ill  t  ho  numbei  -rf  1  ii.st-,  secfnivl-,  and  f  bird 
>b-.d:  :  oi  mol  .  I  na .  i'-T  eacli  m«'t-aphase  scored,  the 
t  d  b  -.v-i-a  .ka  a  w-'ii-  o.o  I  It-r'teri :  the  number  ot  chromosoni-'t!, 

t  hf  naib-  ?■  ef  SCi',.;,  the  '/-•.•niei  .settin-is,  arui  i  ho  photograph 
on;-'.. .'I  .  Idud;  n-’i.iphase  scored  toi'  hf'Es  was  phot.cg  ranhed  t  c' 

.1  1  C'--'  k-'.i.'it  ;v.'  iiiciit  if  ic.it  i-.n  of  t'liat  mot  apfia  Sf-  durinq 
t-'.-a'i'!  Aj  ni  a.---,  i  mat  (’ I  y  ‘  O'i,  n  |  lie  •icf-teri  mt^taphaso.s  wi  ■  r  -  * 

rc'-'ai'  !  by  n  ■.  1 1  iej ), -ik  i.--ut  scoi-a  .  After  scoritnt  of  the 
'.s-n-';  iim.a-t  -wa;-  ii.p  1  i-t -si,  !  tic  .slides  were  d-'cnd' -d  and  the 

slide  riuai:-.'!  ,  I  Ik'  pe  tcent  .  i- 1-  f  first.-  anrl  seco:;a-d  i  v  i  .s  i  cn 
mot  .' I 't'.a ,  and  .'d'it:;  per  f'cj!  wi-re  matcliod  to  t.  d.c  t.roatmont 
' :  sp'i  r  oa  !  ,i  r  t  he t  ana  !  y.s  i  s  . 
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Statistical  Analysis: 

Statistical  evaluation  ot  tin'  tt'H  data  was  a  two-.'>’ei) 
process  involving  the  use  of  a  one-way  analysis  oi  variance 
to  compare  variance  within  treat.mt'nts  (d-at-  to  scoring 
differences  and  sample  difference)  with  variance  among 
treatments  (the  effect  of  test  comipound)  followed  by  a 
Student-Newman-Keuls  test  to  indicate  which  groups 
(treatments)  were  different.  Tnus,  the  ANOVA  was  used  to 
indicac-e  a  difference  among  groups  and  the  Student-Newman- 
Keuls  test  was  used  to  indicate  which  specific  dose  or  group 
of  doses  was  different  from  each  other  or  controls.  The 
positive  and  negative  controls  were  compared  by  using  the  t- 
test.  The  p  <  0.05  confidence  limit  was  used  for  the  t-test, 
ANOVA,  and  Student-Newman-Keuls  test. 


Criteria  for  a  Valid  Test: 

A  valid  SCE  assay  is  one  in  which  (1)  tor.tinq  was 
performed  to  the  maximum  concentration  expected  to  yield 
sufficient  second-division  metaphases  for  analysis,  the 
limits  of  solubility,  or  the  limits  of  compound  availability 
(a  maximum  of  5000  |ig/ml  or  0.5%  for  liquids),  and  (2)  the 
positive  control  induced  a  statistical ly  significant  increase 
in  the  SCE  frequency. 

Interpretation  of  Results: 

Positive:  A  test  compound  will  be  considered  to  have 
elicited  a  positive  response  in  the  SCE  assay  if  it  induces  a 
statistically  significant  (p  <  0.05)  increase  in  the  SCE 
frequencies  compared  to  the  negative  control  rate  (by  the 
Student-Newman-Keuls  test)  and  the  SCE  frequency  exhibited  a 
correlated  dose  response. 

Negative:  A  test  compound  will  be  considered  to  have 

elicited  a  negative  response  in  the  SCE  assay  if  the  criteria 
(statistical  significance  or  dose  response)  for  a  positive 
response  are  not  met. 


The  actual  conduct  of  the  study  differed  slightly  from 
the  SOP  during  the  harvesting  phase.  Instead  of  sha)cing  each 
rinsed  flask  for  10  min  with  HESS,  the  flasks  were  shaken  for 
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3G  min.  This  provided  sufficient- 
adhering  to  the  flask  to  detacr  . 


:ime  for  the  cells  stili 


A  copy  of  the  final  report,  study  protocols 
retired  SOPs,  ar. J  an  aliquot  ot  the  test  compounc 
retained  in  the  LAIR  Archives. 

RESULTS 


raw  data. 


i 
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Nitroguanidine  was  tested  over  a  concentration  range  of 
4.0  to  0.01  mg/nil  without  exogenous  metabolic  activation  and 
3.9  to  C.Ol  mg/ni  with  activation.  Specific  doses  are  given 
in  Table  I.  Nitroguanidine  die  induce  some  toxicity.  At  the 
highest  dose  without  metabolic  activation  (4.0  mg/ml)  ,  91''-  of 
the  rnetaphases  isolated  were  found  to  be  from  f i rst-divisicn 
cells,  and  the  total  yield  of  rr.etaphases  was  too  small  for 
SCE  scoring.  The  2  mg/ml  dose  induced  some  toxicity  during 
the  24-hour  exposure  but  failed  to  induce  a  significant  rise 
in  SCLs .  Norie  of  the  iov/er  dos^.-'s  of  nitroguanidine  induced 
r  ox  i  f  i ;  Y  or  increase's  in  sri',:; ,  'fhe  assay  with  metabolic 
aft  iv.it.  ion  nsi'(i  .i  h-hi.-tur  e.xpor.nio  period.  In  thi.s  Caso, 
r.e :  t.fie  r-  the  highc-:;t  dose  (J.9  nor  the  lowei'  ones 

induced  any  appreciable  toxicity  or  increase  in  SCEs. 

Both  pcsitive  controls  induced  statistically  significant 
increases  in  3CLs. 


DISCUSSION 

Nitroguanidine  was  tested  for  its  ability  to  induce  SCEs 
in  CHO  cells  both  with  and  without  exogenous  metabolic 
activation.  Even  at  the  highest  doses  tested,  nitroguanidine 
did  not  induce  a  .stat  i  st  i  cal  .1  y  .significant  increase  in  SCEs 
iivir  was  theie  an  apparr'nt  dose-  iependent  increase  in  SCEs . 

Tii''  St.  dost'  t  e.^tt'd  was.  die  at  (.'d  by  the  limit  t;  o  .t 

;t’ !  ubi  ]  i  I  y  .  Roth  positive’  cont.rols  induced  significant 
incr-odsos  in  the  SCEs.  Thus,  all  the  conditions  for  a  valid, 
negativt'  assriy  were  me't . 

Nitroguanidine  has  been  rc-ported  to  cause  signi f ic.-ant 
chLomosomal  damage  in  Chines'-.*  h  imster  fibroblasts  (6)  . 
Isliidate  and  Oda.shima  u.sed  a  do.te  of  4  mg/ml  for  24  hour.s  and 
fO'ind  2t'%  of  the  rnetaphases  to  iiave  chromosomal  aberrations, 
priticipally  gaps,  breaks,  and  translocations.  Our  data  from 
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Table  I:  NITROGUANIDTNE  (NG)  SIGTER  CUKOMATm  F,XCH/\NGF, 


DOSE 

,S 

%FD3 

SCE 

±1SD 

COMMEN' 

WITHOUT  S-9 

(24-hour 

e.xposure) 

Neg 

Control 

2 

40 

6.58 

±2.86 

EMS 

0.32 

mg/ml 

12 

6 

61.00 

±9 .74 

p<0 .000 

NG 

4.0 

mg/ ml 

91 

40 

metapha 

SOS  not 

scorabl  t' 

NG 

2 . 0 

mg/ml 

14 

40 

7.28 

±2.53 

NS 

NG 

1 . 0 

mg/ml 

3 

40 

7 . 30 

±2 . 66 

N? 

NG 

0.5 

mg/ml 

2 

40 

7.20 

±3 .03 

NS 

NG 

0.1 

mg/ml 

1. 

40 

6.78 

±2.83 

NS 

NG 

0.05 

mg/ml 

7 

40 

6.25 

±2.26 

NS 

NG 

0.01 

mg/ml 

4 

40 

7.25 

±2 . 65 

NS 

WITH 

S-9  (2 

-hour 

exposure) 

Neg 

Control 

1 

39 

9.31 

±2.57 

Cyclophosphamide 

1.33 

|ig/ml 

9 

20 

34.5 

±11.75 

p<0 . 000 

NG 

3.9 

mg/ml 

1 

39 

9.03 

±3.27 

NS 

NG 

2.0 

mg/ml 

1 

1  9 

6.53 

±2 . 57 

NS 

NG 

1.0 

mg/ml 

2 

28 

8.00 

±3.10 

NS 

NG 

0.5 

mg/ml 

1 

40 

7.85 

±3.31 

NS 

NG 

0.1 

mg/ml 

4 

20 

8.60 

±3 . 22 

NS 

NG 

0.05 

mg/ml 

0 

40 

8.65 

±3.32 

NS 

NG 

0.01 

mg/ml 

4 

40 

7.00 

±2 . 66 

NS 

^  %FD  =  percentage  of  metaphases  in  first  division 
n  =  number  of  metaphases  scored  for  SCEs 
Negative  controls  and  nitroguanidine  groups  were  compared 
using  ANOVA. 

Negative  controls  and  positive  controls  wore  compared  using 
the  t-test. 

Abbreviations:  EMS  =  ethyl  met hanesulfonate,  NG  = 

nitroguanidine,  SCE  =  sister  chromatid  exchange,  SD  = 
standard  deviation,  NS  =  not  significant  (P<0.05)  . 
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tb.e  SCE  assay  shewed  NG  to  be  very  toxic  at  that  dose  over  a 
24-hour  ex’-,  osure.  Most  of  the  metaphascs  detected  were  fror. 
f  i rst -d j  vi  .'iion  cells,  and  even  those  that  showed  some 
differential  staining  had  not  gone  through  two  complete 
replication  cycles  in  the  BrdU-containi ng  medium.  Rath*":'", 
these  cells  appeared  to  have  been  in  S  phase  when  the 
nitroguanidine  and  BrdU  were  added  and  went  on  to  complete 
this  cycle.  After  the  second  S  phase,  these  cells  contained 
a  mixture  of  thymidine,  thymidine  and  BrdU,  and  BrdU- 
centaining  strands  so  that  they  were  not  scorable  for  SCEs. 
Examination  of  the  metaphases  from  this  dose  group  did  net 
reveal  the  chromosomal  aberrations  reported  previously.  Thus 
our  data  are  at  odds  with  those  of  Ishidate  and  Odashima  (6) 
though  the  test  systems  were  by  no  means  identical  (e.g. 
different  cell  lines,  presence  of  BrdU,  and  different 
chromosome  preparation).  In  addition,  no  specific  chemical 
purity  data  were  provided  (6) . 

Nitroguanidine  was  also  found  to  be  negative  in  the  .\mes 
Salmonella/Microsome  assay  and  Mouse  Lymphoma  TK  Forward 

Mutation  assay  (7) .  in  these  studies,  nitroguanidine  was 
tested  to  the  limits  of  solubility  for  each  assay  system  both 
with  and  without  exogenous  metabolic  activation. 


CONCLUSION 

Nitroguanidine  was  not  a  significant  inducer  of  SCEs 
under  the  co.-'.dit  ions  of  this  assay  either  with  or  without 
exogenous  metabolic  activation. 


REFERENCES 


Kenyon  KF.  A  data  base  assessment  cf  envi ronment a2  fate 
aspects  cf  nitroguanidine .  Tecr.nicai  Fscport  8214 
(ADA125591) .  Ft.  Detrick,  Freaerick,  Maryland:  US  Army 
Medical  Bioengineering  Research  and  Development 
Laboratory,  December  1982. 

The  Sister  Chromatid  Exchange  Assay.  Letterman  Army 
Institute  of  Research  Standard  Operating  Procedure  OP - 
STX-72.  Presidio  of  San  Francisco,  California: 

T,etterman  Army  Institute  of  Research,  1985. 

Detection  of  mycoplasma  in  cell  cultures.  Letterman 
Army  Institute  of  Researcli  Standard  Opcrutinq  Procedure 
OP-STX'-92.  Presidio  of  San  Francr-.sco,  California: 
Letterman  Army  Institute  of  Research,  1985. 

Perry  P,  Evans  HJ.  Cytological  detection  of  mutagen- 
carcinogen  exposure.  Sister  Chromatid  Exchange. 

Nature  1975;  258:  121-125. 

Stetka  DG,  Wolff  S.  Sister  chromatid  ei'^changes  as  an 
assay  for  genetic  damage  induced.  .Mutagens/Carcinogens. 
Part  II.  In  vitro  test  for  compounds  requiring 
metabolic  activation.  Mutat  Res  1976;  41;  343-350. 

Ishidate  M,  Odashima  S.  Cl'.romosome  tests  with  134 
compounds  on  Chinese  hamster  cells  in  vitro--a  screening 
for  chemical  carcinogens.  Mutat  .Res  1977;  48;  337-354. 

Harbell  JW,  Witcher  LD,  Sebastian  SE,  Korte  DW.  Studies 
on  the  mutagenic  potential  of  nitroouaiiidine  and 
nitrosoguanidine .  1987  JANNAF  Safety  and  Environmental 

Protection  Subcommittee  Meeting.  Laurel,  Maryland: 
Chemical  Propulsion  Information  Aoency,  1987;  CPIA 
Publication  No.  466;  pp.  357-367. 


i !.  I  t  he  I  I  ct  .1 1  --  \  / 


Appendix:  CHEMICAL  DATA 


Cherr.ical  name:  ::  i  troqi.ianidi  no  (NG) 

Other  listed  nar.es :  Guanidine,  Nitro;  alpha-Nitroguarddir.e; 

oeta-Nitroguanidine 

Chemical  Abstracts  Service  Registry  No.:  556-3S-'’ 

LAIR  Code:  TP036A 


Structural  formula: 


H2N 

HoN 


C=N-N02 


Molecular  formula:  CI!4N402 
Molecular  weight:  104.1 

pH  range  of  dosing  suspensions:  6.7  -  7.4^^) 

Physical  state:  White  Powder 

Melting  point:  232°^2) 

Source:  Hercules  Aerospace  Division 
Sunflower  Ammtinition  Plant 
OeSoto,  Kansas 

Lot  No.  SOW84K010A001 

Purity:  99.2%  (data  sheet  attached) 


Wheeler  CR.  L'i*  rocel  .1  n  1  ose-Ni  t rognan id  1  r.e  Pro  jects 
Laboratory  Notebook  S HL- 1 2-0:-'2 ,  p  26.  Presidio  of  .'Lr! 
Fiancisco,  CA  :  r,el  t  cwm  m  A'iny  In.st  it  me  of  Roseatc'li 

c’edorotf  BT,  Shefliolci  OE .  Encyclopedia  oi  o.plosivos 
and  related  items.  Voi  V.  ilover.  New  Jersey:  Picatinny 
Arsenal  1975:  G154. 
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Appendix  (cont.):  CHEMICAL  DATA 


Analytical  data: 


The  majot 

peaks  J 

in  the 

inf  rarfid 

spectrum  ot 

t  ne  compound 

were 

observed  at 

3450, 

’■196, 

334.2, 

32  7  8 

3201,  1666, 

1634,  1 

15.25, 

1  4U4  , 

L  3  i  4 

1151,  1045, 

782  cm' 

-1(3) 

Tht; 

spec 

-nm 

obtained  fc:'  the  tect  compound  in  out- 
laboratory  was  identical  to  the 
Sadtler  standard  spectrum  for 
nitroguanid  tno  ^  .  HPLC  ;;howed  c:"'. 
one  peak  (retention  time  4.9  .min)  '■ 

The  conditions  employed  were  as  follows; 
column,  Brownlee  RP-18  (4.6  x  250  mm); 
solvent  10%  m.ethanol  /  90%  water,  flow  rat' 


-y 

3) 


0.7  m.l/min;  oven  tem.pei at t;r e , 
monitoring  wavelength,  265  nm. 


5C°C; 


Wheeler  CR.  Nitrocellulose-Nitroguanidine 
Laboratory  Notebook  #85-12-022,  p.  22-23. 
San  Francisco,  CA:  Letterman  Army 
Research . 


>ro jects . 
^residio 


Institute  o 1 


Sadtler  Research  Laboratory,  Inc.  Sadtler  standard 
spectra.  Philadelphia:  The  Sadtler  Research 
Laboratory,  Inc.,  1962:  Infra-red  spectrogram  #21421 


Wheeler  CR.  Nitrocellulcse-Nitrcguaiiidi  ne  Projects. 
Laboratory  Notebook  #85-12-022,  pp .  24-25.  Presidio  oi 
San  Francisco,  CA:  Letterman  Army  Institute  of 
Research . 
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Appendix  (cont.) :  CHEMICAL  DATA 


DESCruPTlOH  SHEET  FOR  EXPLOSIVES,  CHEMICALS,  ETC 

cssA0-p-:ijr-iC9» 


CoBBandcr 

LS  Arav  AraaBcne  Hunictsni 
and  Chmcal  Coeaiand 
Aten:  DKSHC-^AD 
Reck  IiLand.  ILL.  61299 


f  t40M; 

Sunflower  Anny  A-Trunlcion  Plant 
DeSoto,  Kansas  6b0l8 


IMaNU^ACTUQEft 

Hercules  Aerospace  Division,  Hercules  Inc. 


.0*  Cf*..  dOL 

EXEMPT.Paio  7-2o 

AS  335  .  15 

~ 

I 

t 

1 

2*’  c 

Oot-hcr  ’.9 

''■4 

MAT  2  R  Ai. 

Nitroguanidine 

C-i  SAC  .  *»o. 
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Purity,  X 
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99.20 

Ash  Content,  % 

0.30 

0.12 

pH  Value 

<..5 
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Acidity  (as  H2S0i^),  X 

0.06 
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Total  Volatiles,  Z 
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0.16 

Sulfates  (as  N2SO4) ,  X 

0.20 

0.17 

lapurities,  H2O  Insoluble,  X 
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0.02 

Particle  Size,  microns 
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